We now have methods to both observe and manipulate the beatings of his butterflies' wings and have begun using these tools to clarify the secrets of mental life, among them the neural mechanisms of attention on which Ramó n y Cajal relied when hunting his cells.
Ramó n y Cajal's contemporaries, William James and Hermann Von Helmholtz, provided some of the most insightful writings on the phenomenon of attention, deriving its varieties and qualities through both experimental work and careful introspection. For example, Helmholtz provided an early and elegant description of covert spatial attention in describing his observations from experiments on visual perception, writing in 1894 [2] , ''these experiments demonstrated, so it seems to me, that by a voluntary kind of intention, even without eye movements, and without changes of accommodation, one can concentrate attention on the sensation from a particular part of our peripheral nervous system and at the same time exclude attention from all other parts''.
But unlike Ramó n y Cajal who peered directly at the machinery of the mind using his microscope, describing the intricacies of the nervous system and elaborating the foundational 'neuron doctrine', James and Helmholtz were left to speculate on the biological underpinnings of cognitive processes like attention. Today's new tools permit us to pick up where they left off. An outstanding example is a study by Bestmann et al. [3] published recently in Current Biology. Using transcranial magnetic stimulation in human volunteers, they were able to demonstrate that visual percepts, called phosphenes, elicited by the direct stimulation of visual cortex were influenced by attention. Because these 'signals' in visual cortex did not pass through the thalamic relays to reach visual cortex, this finding provides evidence that attention can act directly within sensory cortex, adding key new information to the now decades old hunt for the physiological underpinning of visual attention.
In the 1960s and 1970s using signal averaging methods applied to the human electroencephalogram, Robert Eason and his colleagues [4] and Steven Hillyard and his team [5] showed that visual selective attention leads to changes in visual evoked neural responses -known as event-related potentials (ERPs) -recorded from the scalps of healthy volunteers. They showed, and animal studies later supported [6] , that the perceptual effects of attention that Helmholtz described are accompanied by changes in the amplitude of the neural responses to sensory signals, such that stimuli at attended locations elicit larger responses than those at unattended locations.
In the ensuing decades, much work focused on identifying the stage or stages of the ascending sensory pathways that could first be influenced by attention in this way, as well as how the brain implements attentional control over perception. This led to debate as to the precise mechanisms involved in selective attention, with some suggesting that it might influence perception as early as the subcortical visual relays in the thalamus (the lateral geniculate nucleus, or LGN), at least for selective attention based on simple features of a visual stimulus such as modality [7, 8] or location [9, 10] .
Certainly at the level of primary [11, 12] and extrastriate visual cortex [6, 13] , effects of selective attention are now well established, although the neuronal mechanisms by which attentional filtering is implemented in visual cortex remain unknown. It is also clear that information processing in visual cortex is influenced by top-down attentional control systems involving frontal and parietal cortex [14, 15] , in coordination with other cortical and subcortical structures [16] .
What has remained rather opaque is whether top-down attentional control systems influence visual information processing at multiple loci along the ascending visual pathways, or if instead attentional filtering might take place by influencing a key early site of transmission, such as the subcortical relays, passing the effects of attention to higher stages of analysis. The most influential models are those that propose that the locus of attention's influence on visual information processing is flexible and dependent on the nature of the perceptual signals and behavioral task [17] .
The new work of Bestmann et al. [3] demonstrates that top-down attentional control systems can act directly on sites in cortex. Such a view is in harmony with evidence from functional magnetic resonance imaging (fMRI) [14, 18] and neural stimulation studies in humans [19] and animals [20] . The direct activation of visual cortex using transcranial magnetic stimulation in humans provides converging evidence that attentional control is not limited to gating subcortical inputs to cortex [10] .
Although it is clear from the Bestmann et al. [3] study that filtering of lateral geniculate inputs is not required for attention to influence processing in visual cortex, this does not necessarily imply that attention can act independently on the visual cortex and LGN. To demonstrate this it would be necessary to disconnect LGN from visual cortex and show that attentional modulations of processing in the latter can occur in the isolated preparation. This would be a difficult experiment, but would be required to show that attentional processes influencing activity in LGN, even in the absence of retinal inputs, did not contribute to attention effects in the cortex, for example, by changes in the pattern of LGN-to-V1 background activity.
The weight of evidence supports the idea that attention can influence processing at multiple stages of the visual system, and the new work of Bestmann et al. [3] shows that the influence of attention on cortical stages need not be preceded by similar effects in subcortical relays. The story of how voluntary attention influences visual information processing continues to unfold, but to fully clarify this and other secrets of mental life we must continue paying attention to Ramó n y Cajal's mysterious butterflies of the soul.
